A linear model on an equatorial .B plane is integrated over a 12O-day period in a basin that approximates the tropical Atlantic Ocean. An increase in the wcstward wind stress of 0.025 N m-t in the western Atlantic excites an equatorially trapped Kelvin wave that propagates eastward along the equator. moves poleward at the eastern boundary. and produces upwelling throughout the Gulf of Guinea. Cases that study the effects of nonlinearities and the inclusion of a northward wind stress are included. Nonlinearities are shown to have the effect of amplifying the effects of the Kelvin wave and prolonging the upwelling event. The inclusion ~f a southerly wind stress in the eastern basin provides a secondary mechanism for upwelling south of the equator along the eastern basin. Local winds cannot account for the seasonal upwelling in the Gulf of Guinea. The simple baroclinic ocean model is integrated from rest. The effects of mean currents and bottom topography are not considered in detail.
Introduction
Coastal upwelling is a dramatic event during . which warm nearshore water is replaced from below by cold nutrient-rich water. The most prominent upwelling areas are located at the western coasts of continents where anequatorward wind, due to the subtropical high, forces an offshore Ekman drift of the surface water.
Along the equator, upwelling is also an Important event. The dynamics of equatorial upwelling must be ,different from those of coastal upwelling since equatorial upwelling is an oceanic event. Observations of upwelling at several locations along the equator raise questions as to whether the upwelling is an event characteristic along the entire equator or whether, in certain areas along the equator, upwelling is produced and subsequently transmitted to other areas.
Another important upwelling area is located along the northern boundary of the Gulf of Guinea (Fig. I) . Every summer for a period from early July through September upwelling is an important feature along the Gulf of Guinea coast. Several attempts to model the upwelling event have met with little success. Both the local winds and the local ocean circulation appear to be inadequate explanations for the upwelling (Houghton, 1976) .
The summer meteorology of the equatorial Atlantic basin is dominated by westward trades in the west and northward monsoonal flow in the east. The subtropical anticyclones over the ocean are most intense during the summer with an average daily surface pressure over 1025 mb (Atkinson, 1971) . The trades in the west are broader in the summer than in the winter. The general pattern for the tropics is a continuous belt of high pressure interrupted only by the heat lows located over the continents. This pattern sets up a pressure gradient from land to sea.
During GATE (summer 1974), a Soviet ship, the R. V. Passat, located on the ~quator at 100W, recorded a drop in the sea surface temperature prior to the onset of the seasonal upwelling in the Gulf of Guinea . The time delay between the upwelling event observed by the Passat and the Gulf of Guinea upwelling suggest the phase speed of a first baroclinic mode Kelvin wave. A Kelvin wave propagating along the equator would be a remote driving mechanism for the upwelling and would be evidence for the equator as a waveguide. A more detailed presentation of the observational evidence for the equator as a waveguide can be found in Moore et al. (1978) . O'Brien et al. (1978) presented a discussion of the dynamics related to this hypothesis. This paper is an expansion of that short paper with additional results.
In 1974 a concentrated effort at measuring the summer upwelling in the Gulf of Guinea was made by the Ghana Fishery Research Unit. The northern coast of the Gulf of Guinea is, for the most part, zonally oriented along 50 north, but there are limited areas along the coast where the local winds are favorably oriented for forcing wind-driven upwelling. At Tema, Ghana, the wind is from the -, southwest. nearly parallel to the coast with a slight onshore component. For times inunediately preceding and at the beginning of the upwelling period,' there is no significant change in the local windstructure (Houghton. 1976) . There is poor correlation between local winds and the upwelling event. Local winds. therefore. seem to be insufficient to drive the upwelling. It is possible near capes. such as at Tema. that the seasonal upwelling is enhanced by local winds (Bakun. 1978) . Thus. a possible explanation for the Gulf of Guinea upwelling is that upwelling occurs at specific locations along the Gulf of Guinea and that local ocean circulations advect the colder water to other regions. Observations show that the local surface flow is dominated by the eastward Guinea Current. accompanied by a westward undercurrent. During the initial stages of upwelling-, the nearshore temperatures drop rapidly. Houghton (1976) finds no time delay in the drop in temperatures along the coastal areas near Tema to suggest advection. The Gulf of Guinea upwelling is a largescale event characteristic of an entire region and lasts for several months. The only significant variations in the ocean flow occur as part of the upwelling event. It seems unlikely t~t the local circulation is responsible for the upwelling.
Since there is no correlation between local winds and nearshore temperatures or changes in the local ocean circulation. it becomes necessary to look elsewhere for a forcing mechanjsm. The Passat observation suggest a forcing that is oceanic in origin. Previous investigations by Moore (1968) and Moore and Philander (1977) discuss the upwelling due to a Kelvin wave excited by an increase in the zonal wind stress in an unbounded ocean. In the tropical Atlantic significant increases in the zonal wind stress occur 3000 km from the Gulf of Guinea .coast. Katz (1977) finds that during the summer of 1974 there was an increase in the oceanic zonal pressure gradient in the western equatorial Atlantic. In order to determine whether this was part of an annual cycle, Katz reviewed the synoptic observations of the Equalent I and II experiments (1963) and reports from the R. V. Cral'ford during the International Geophysical Year (1958) . The Equalent I experiment shows the almost complete disappearance of an oceanic zonal pressure gradient in March, while both the GATE and Equalent experiments show maximum values in the month of Aug'clst, with high values maintained up to November. The pattern of low values in late winter and high values in late summer occurs throughout a band 5° north and south of the equator in the western Atlantic. The correlation between the ocean zonal pressure gradient and the zonal wind stress is high. There are four supporting observations that show the wind stress has minimal values when the zonal pressure gradient is almost zero. Fig. 2 shows clearly the annual cycle of the zonal wind stress. Maximum values are att~ined in midsummer and minimum values in early spring. The occurrence of the oceanic zonal pressure gradient in the western Atlantic during the period of increased westward trades is consistent with the occurrence of low-frequency Kelvin waves.
It is the purpose of this paper to show that an increase in the westward trades in the western Atlantic excites an equatoriaUy trapped Kelvin wave which propagates eastward along the equator. The Kelvin wave then propagates poleward as a coastal Kelvin wave and produces the upwelling event along the Gulf of Guinea coast. The review by Moore and Philander (1977) contains excellent background infonnation on the dynamics of equatorial waves. The basic model is a simple, linear, hydrostatic and baroclinic ocean. The effects of nonlinearities and mean currents are considered. JOURNAL OF PHYS1CAL OCEANOGRAPHY VOLUME 8
The model
The irregular geometry of the equatorial Atlantic basin (Fig. I ) distinguishes the upwelling problem in the Gulf of Guinea from prior analytical work. The approximated basin extends 5000 km zonally and 1500 km either side of the equator. The eastwest boundary representing the northern boundary of the Gulf of Guinea extends 2000 km westward of the eastern boundary, and is located 500 km north of the equator.
The governing equations for a two-layer, linear inviscid flow with a flat bottom are Uu -,ByVI + Plz = r/ptHI'
hit + HI(uJZ + VIP) = 0,
for the upper layer, and
Vu + fJYU2 + P211 = 0,
hit + H2(utz + V2it) = 0, 
Vt + fJyu + g'hll = TIl/pH, (3 b)
where g' = g(P2 -PI)/p2.
The free modal response to Eqs. (3) includes the effects of inertia-gravity, Rossby and mixed Rossbygravity waves. Another interesting free response to Eqs. (3) is the flow on a fJ plane when values of the meridional velocity are made equal to zero. With values of v = 0, cross differentiation of Eqs. (3a) and (3c) yields the wave equation
which has a solution u(x,y,t) = G(y)F(x :t ct),
where c = (g' H)I/2 and F is any function of x :t ct; F need not be sinusoidal or periodic. It is possible to solve for G by eliminating in favor of u between Eqs. (3b) and (3c) to obtain -,ByUt + g' HuZil = 0.
A substitution of (~) into (6) yields -fJy(:
where square brackets denote differentiation.
The solution of (7) is
Since any physical solution must be bounded away from the equator, only the minus sign is permissible so one may write u(x,y,t) = aF(x -ct) exp form, (9) where 4 = (C/[3)I/2 is the internal equatorial radius of deformation. A typical value of Le for the equatorial Atlantic is -225 k~. The result is an eastward propagating Kelvin wave, with phase speed c, which is equatorially trapped with an e-folding distance of Ji" Le = 350 km.
Along a boundary away from the equator, the e-folding length is the internal Rossby radius of deform'ation, Lc = c/[3y. As the Kelvin wave moves toward increasing y, the Rossby radius of deformation decreases. Conservation of energy requires that, as the trapping scale of the wave is reduced, the amplitude of the response away from the equator increases. A typical value of Lc along the Gulf of Guinea coast is 100-200 km. Therefore, any impulse of equatorial origin will increase in amplitude but the speed of propagation will remain unchanged.
The addition of viscous effects to Eqs. (3) yields
Vt + fJyu + g'h. -A V2V = r/pH, (lOb)
The system of Eqs. (10) is the simplest formulation of the first baroclinic modal response, and is sometimes referred to as the reduced gravity formulation. In a remarkable paper on the Somali current dynamics, Lin and Hurlb"urt (1978) use an identical formulation to effectively simulate many of the features of the Somali. current.
Results
Using Eqs. (10), a numerical simulation of the oceanic response to an increase of the wind stress was performed. All calculations were made on an equatorial [3 plane, with grid resolution of 25 km in both the x and y directions. The undisturbed depth of the upper layer is taken to be 50 m, with a density difference of2.0 kg m-3 between layers. The time step is 14 day. All calculations are performed on a flat-bottomed ocean. A simple Laplacian representation of viscous effects with a horizontal eddy viscosity of 102 m2 S-1 is used to bringtbe flow to zero at the boundaries.
Three major cases are studied: a standard linear case that looks at the oceanic response to the increase of 0.025 N m-2 in the westward wind stress over the western 1500 km of the basin (Fig. 3) ; a DAV1D ADAMEC AND JAMES J O'BRIEN NOVEMBER 1978 nonlinear case similar to the standard linear case but including advective effects. local depth in the stress term and nonlinearities in the continuity equation with a reduction from 0.025 N m-2 in the increase of the westward wind stress; and a third case which is similar to the first but includes an increase of 0.025 N m-2 in the meridional stress over the eastern 1800 km of the basin. The wind stress value agrees with Fig. 2 . Other cases varying the magni. tude and location of the wind stress and moving the boundaries were also run. In aIJ cases the wind is impulsively started at day 0, and kept constant throughout a 120-day integration. A typical profil~ of the wind stress is shown in Fig. 3 . The specific goal was to look at oceanic changes in response to a change in the wind. No mean flow is included. The actual circulation would be the superposition of the resPonse cases with the mean flow. except for the nonlinear case.
A staggered grid in space was used to increase resolution with a minimal amount of core storage. The grid structure defines nonnal velocity components on the boundary and the reflection of the tangential velocity as a computational point outside the boundary. A typical stencil for interior points is shown in Fig. 4 . The equations are finite differenced, using leapfrog for the time derivatives and lagged-in-time for the diffusive terms.
At this point it is convenient to adopt a convention when discussing the solutions near boundaries. There are two separate eastern and northern boundaries. The eastern boundary extending 1500 km south of the equator to 500 km north will be referTed to as the south-eastern (S-E) boundary. The eastern boundary extending 500 km north of the equator to 1500 km north will be referred to as the Fib. 3. The .r dependence of a wind stress extending ISOO km zonally. The value 1500 km is chosen because il is at thai point the value of the wind stress is half the maximum value. north-eastern (N-E) boundary. The northern boundary extending from 3000 to 5000 km east of the western boundary is designated the southnorthern (S-N) boundary, and the northern boundary extending 3000 km from the western boundary is designated the north-northern (N-N) boundary.
a. Standard linear case A simple view of the oceanic response near the equator to a westward wind stress is the replacement of surface water with subsurface water due to Ekman divergence near the equator. The vertical motion of the subsurface water is traceable by the movement of the density interface. An upward movement of the interface produces a negative height anomaly, indicating upwelling, Fig. 5 shows a well-defined elliptically shaped upwelling region centered on the equator in the western basin. The upwelling is symmetric about the equator due to symmetric forcing in the western basin and has a maximum value of 12 m. The latitudinal extent of the upwelling response is 700 km, which is in agreement with the internal equatorial radius of deformation.
There is a corresponding minimum II component of -0.41 m S-I that accompanies the upwelling at day 10. Fig. 6 shows that initially there is a linear increase of the westward current in low latitudes, which gives rise to a Yoshida jet (Yoshida, 1959) . The minimum values of u are located at the equator. This is consistent with Eq. (9), which states that values of the u component must decay exponentially away from the equator. The oscillations observable in Fig. 6 are a result of the inertia-gravity waves excited by the impulsive start of the wind stress.
Another important result of Eq. (9) is that the Kelvin wave excited by the wind stress must propagate to the east. Fig. 7 clearly shows this result. The maximum upwelling is now 800 km from the ... S-E boundary and has increased to a value over 2S m. The leading edge of the Kelvin wave is producing upwelling along the S-N boundary. The eastern propagation of the Kelvin wave is more clearly shown in O'Brien et al. (1978) . Note that in the western basin the flow is adjusting so that the pressure gradient balances the wind stress. This is consistent with the observations of Katz (1977) . Since the linear Kelvin wave is nondispersive, it retains its shape as it propagates. The local minimums in the upwelling that are evident in the west- Flo. 7. Heiaht field anomaly contours for the standard linear case at day SO.
The contour interval is S.O m.
not account for the strong upwelling along the Gulf of Guinea. It has been stated earlier in this paper that the mean flow is not included in this formulation of the problem. Philander (1978a) investigates the influepce of an equatorial undercurrent on the propagation of equatorial waves. He finds that the Kelvin wave will propagate free from the effects of the undercurrent if the propagation speed of the Kelvin wave is large compared with the speed of the undercurrent (0.75 m S-I), and if the latitudinal extent of the Kelvin wave is larger than the extent of areas where the undercurrent has high speeds (200 km). As a result, superposition is possible and no critical layers develop that disallow the existence of a Kelvin wave.
The flow produced by the Kelvin wave along the S-N boundary is opposite in direction to phase propagation. The eastward propagating Kelvin wave produces a now to the west. The westward propagating wave along the S-N boundary produces a now to the east. Both of these results are clearly seen in the velocity vectors at day 60 shown in ..
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Fla. 9. Time-dependent contours of the hei&ht field anomaly for a section nlnnin& alon& the equator and boundaries. The section 0-2500 km is the eastern 2500 km of the equator. 2500-3000 km is the south-eastern boundary north of the equator" )fXXJ-5fXXJ km is the south-northern boundary. and 5fXXJ-6000 km is the north-eastern boundary. The contour interval is 5.0 m (from O"Brien t't 01.. 1978).
ward flow along the eastern section of the S-N boundary. Further west, the flow is to the west in . response to the trailing edge of the eastward propagating wave at the equator. Along the S-N boundary, u changes sign from negative to positive going east. This produces a positive contribution to divergence, Uz. Continuity 'requires that this be an area of upwelling. 'rhe westward propagating Kelvin wave along the S-N boundary contributes constructively to the eastward Guinea Current. This is consistent with observations which show an increase in the eastward flow. during upwelling (Picaut and Verstraete, personal communication).
As the Kelvin wave propagates along the boundaries, the amplitude of the response increases with increasing y (Fig. 9) . The straight parallel contours in the lower part of Fig. 9 show the Kelvin wave impulse propagating along the equator and then along the coast. The slope of the lines is the reciprocal of the phase speed of the Kelvin wave. Along the S-N boundary, the maximum upwelling values are near 38 m, while at the equator the maximum value is 25 m. This result is expected. The Rossby radius of deformation at 500 km N is 100 km, in contrast to the 225 km equatorial radius of deformation. The Kelvin wave energy is now trapped on a smal1er scale, and, as a result, the wave impulse amplifies.
It is possible to determine the length of the upwelling period at the S-N boundary by following the change in the height field anomaly at 4000 km in Fig. 9 . This point is 1000 km west of the S-E boundary. If a height change of -20 m is. used as a reference to determine whether or not there is significant upwel1ing, then there are 45 days of significant upwelling at this point. Observations along the Gulf of Guinea show that the upwelling is on the order of three months. Effects of nonlinearities will slow the phase propagation of the Kelvin wave and, consequently, prolong the upwelling event. In other words, nonlinear effects are required if the observed seasonal span of the upwel1ing event is to be predicted. In an upwelling region h is negative. Therefore, the phase speed for the nonlinear case is less than the phase speed for the linear case in an upwelling region. A second mechanis~ for slowing the Kelvin wave is the Doppler shift which occurs as a result of advective effects. Since the flow associated with the Kelvin wave is opposite in direction to the phase propagation, the Kelvin wave moves at a slower rate.
The amplification of the wave's effects occurs because of nonlinearities in the stress term. The inclusion of local depth in the stress term (Tlp)(H + h) causes the denominator to become smaller in magnitude in a forced region. This effect is coupled with the reduced phase speed of the Kelvin wave. The Kelvin wave is present in the forced region for a longer period of time. The effect of the longer time-scale forcing, coupled with a higher effective stress, leads to an amplification of the wave. A value of 0.0125 N m-t. is used for the wind stress in this study to prevent upwelling greater than 50 m and to keep the effective stress rlp(H + h) bounded.
The nonlinear Kelvin wave is dispersive. Maximum values of upwelling occur on the equator; .consequently, the slQwest phase speeds occur there. The effect of having a faster phase propagation away from maximum upwelling values is to elongate the leading edge of the Kelvin wave and flatten the trailing edge (Fig. 10) . The maximum upwelling is at the center of the basin, as compared to the standard linear case in which it was 1700 km more to the east at this point in the integration. However, the position of the leading edge of the Kelvin wave is only slightly different from the linear case. Both the leading and trailing edges of the Kelvin wave propagate with a phase speed close to that of the linear wave, since the magnitude of h is small.
Eventually the faster propagating trailing edge of -.
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c. South and eas/lv;nd case Coastal upwelling along the west coast of Africa south of the equator is a well-documented event. The southerly winds over the eastern Atlantic are favorably oriented for wind-induced upwelling along Africa south of the equator but not north of the equator. An increase of 0.025 N m-1 in the northward wind stress over the eastern 1800 kin of the basin is incorporated into the standard linear case. The x dependence of the stress is much the same as shown in Fig. 3 . The increase of wind stress in the western basin remains unchanged. The addition of a northward wind stress in the model forces an Ekman the Kelvin wave overtakes the maximum upwelling values. This creates: an instability in the wave, causing it to break. Fig. I I shows that the wave has broken before the maximum upwelling could reach the S-E boundary. the result is a mesoscale eddy behind the still flattened trailing edge of the wave. The upwelling maximum is now close to 19 m. The effect of coastal amplification is not evident yet. The nonlinear solution does not exhibit amplification of the wave impulse as in the linear case. This result is consistent with the works of Hurlburt and Thompson (1976) and Hurlbert ~I ale (1976) .
Numerical solution$ reveal that upwelling is still a feature along the S-N boundary at day 110. Although the values are smaller in the nonlinear case than in the linear case;' the upwelling is still significant. The lower magnitude of the wind stress is responsible for the lower values of upwelling. The full 0.025 N m-1 stress could not be used, since it produced over 50 m of upwelling in the forced region before day 30. The result is an effective stress too large for this particular model to handle. The salient results of adding nonlinearities to the problem are the amplification of the upwelling event and the creation of a mechanism for slowing the phase speed, which produces an upwelling event on the same time scale as the observed event. Solutions for later times reveal that the inertial oscillations are damped. Near the western extreme of the southerly winds. non-symmetric forcing excites a mixed Rossby-gravity wave. The mixed Rossby-gravity wave propagates eastward and. upon reaching the S-E boundary, damps the inertial oscillations. As a' result, there is no mechanism to excite subsequent coastal Kelvin waves. Fig. 13 shows that along the S-N boundary the production of the downwelling pulses has been: damped. and upweUing is now taking place along the boundary in response to the Kelvin wave excited in the western t'8 a -. z:
basin. At no point in the integration was upwelling forced by the meridional wind along the S-N boundary. Upwelling is present. however. along the S-E boundary south of the equator during the entire integration. This case demonstrates that the largescale northward local winds over the Gulf of Guinea cannot account for the seasonal upwelling event.
d. Results of other cases
Additional case studies investigated the linear response of a basin with the S-N moved to 1000 and 1500 km north of the equator. The results revealed no change in the Kelvin wave excited in tbe western basin. The phase propagation was unchanged. with the exception of the absence of Rossby wave reflection at the N-E boundary. The most significant change occurring was in the amount of upwelling along the SoN boundary. This increase in upwelling is a result of the y-l dependence of the Rossby radius of deformation.
The oceanic response to varying wind stresses was also studied. There is a strong dependence of the magnitude of upwelling on the area over which the wind stress was applied. By applying the wind stress over the western 2500 km of the basin. the upwelling along the S-N boundary is increased significantly. Further studies with more realistic wind stress patterns could be used to fine-tune the model to the observed event. A time-dependent spinup of the westward wind stress was performed. with the result of a slightly longer upwelling event and a decrease in the amplitude of the response.
PhiJander(1978b) discusses the possibility of local forcing by the meridional wind stress for upwelling in the Gulf of Guinea. He proposes that a cross equatorial wind will produce an eastward current that is in geostrophic balance north of 2°N and a westward current south of 2°N. As a result, the isopycnals slope upward north of rN and produce low nearshore temperatures along the Gulf of Guinea.
Summary and conclusions
In this paper an attempt was made to explain the physical events linked with the seasonal upwelling in the Gulf of Guinea. Previous work by Hougbton (1976) showed that neither the local winds nor the ocean circulation provide an adequate forcing mechanism. Observations during GATE suggest that the forcing may have been Oceanic in origin in the form of a first baroclinic mode Kelvin wave . The summer increase in zonal wind stress in the western basin of the Atlantic is proposed as the forcing mechanism which excites an eastward propagating Kelvin wave. which produces upwelling as it propagates along the coastal boundaries.
The nonrectangular geometry of the equatorial Atlantic has been a major obstacle in obtaining an analytical solution of the linear problem. A numerical scheme was devised to demonstrate the first baroclinic modal response of an ocean to a changing wind system. Computations were performed using the .B-plane approximation in an ocean initially at rest. The system was driven by a 0.025 N m-t wind stress over the western 1500 km of the western basin.
In order to elucidate the dynamics of the upwelling, case studies with added nonlinear terms and local forcing were included to demonstrate a mechanism for lengthening the time period of the upwelling. The results of the studies warrant the following conclusions:
I) The increase of wind stress in the western basin is a remote forcing mechanism capable of producing upwelling in the Gulf of Guinea. The standard linear case produces 25 m of upwelling along the equator, and over 50 m at ,500 km N. The eastward propagation of the Kelvin wave at the equator and the amplification of its effects with increasing latitude are consistent with analytic work. The u component of the flow which accompanies the Kelvin wave reaches a maximum magnitude of O.S m S-1 and is in the opposite direction to the phase propagation of the Kelvin wave. A study of the time scale of the model upwelling produced by the Kelvin wave reveals that the time period of upwelling is much shorter than the observed period. Thus, nonlinear terms must be included in this formulation.
2) Symmetric forcing in the western basin guarantees that the solution will be penectly symmetric about the equator for early times. Any asymmetries found in the solution must be the result of the asymmetric geometry of the eastern basin. Initially the solution does exhibit the symmetry predicted by linear theory, but by day SO asymmetries are evident. The asymmetries are due to different propagation paths of the Kelvin wave and to Rossby wave reflection at boundaries. Symmetry in the western basin is a feature throughout the entire integration.
3) The addition of nonlinear terms has the effect of broadening the time scale of the upwelling and amplifying its effects. The reduced propagation speed is due to a Doppler shift and to the inclusion of nonlinearities in the continuity equation. The amplification is a result of the inclusion of local depth in the stress term. The effect of amplification due to increasing latitude is not evident in the nonlinear case. This result is consistent with a nonlinear study by Hurlburt fit al. (1976) , who found that the Kelvin wave excited westward propagating Rossby waves as it propagated along an eastern boundary. At in-JOURNAL OF PHYSICALOCEANOORAPHY VOLUME 8 creased latitudes the Rossby waves are less energetic and become less distinguishable.
4) The inclusion of local winds provides a secondary mechanism for upwelling south of the equator on an eastern boundary. This is to be expected from classical Ekman theory. At no ~int do local winds force upwelling north of the equator. The flow near the eastern boundary becomes coupled with the inertial oscillations and excites a train of coastal Kelvin waves. This is consistent with the work of Hurlbun and Thompson (1976) on the Somali current. The trapped inertia-gravity oscillations arc damped when an eastward propagating mixed Rossby..gravity wave excited at the western limit of the northward winds reaches the eastern boundary.
Questions regarding whether or not the equatorial ocean is capable of propagating energy zonally arise when discussing modes of a solution. More specifically, is the Atlantic floor an adequate reflector for setting up a standing baroclinic mode? How do local currents affect modes in an equatorial ocean? The model used for this paper is undoubtedly too simple to answer these questions. Funher studies which include topographic effects, coastline geometry and mean flow are essential to a complete understanding of these questions.
